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Supplementary Information
Supplementary Figure S1 . The flowchart for the data collection and calculation. Figure S2 . The distribution of the interface size and expression level for the protein complexes in the five studied organisms. Each row corresponds to an organism and each column corresponds to a quantity: interface size measured in the number of contacting residues (N aa ), interface size measured in the area calculated by NACCESS (A naccess ), expression level measured by CAI value, and expression level taken from GEO database, for the 1-4 column, respectively.
Supplementary Method: Simulation of protein interaction evolution by lattice model
The lattice model
A single chain biopolymer composed of 27 units can be put into a 3*3*3 lattice with each unit occupying a position in the lattice. The contacting matrix between the units in the lattice is defined as C: for two positions in the lattice, m and n, if the distance between m and n is just one unit, then C (m, n) = 1; otherwise, C (m, n) = 0. An example of the conformation on a lattice model is shown in Fig. M1 . For a specific conformation, its energy E can be represented as:
where U(i, j) is the contacting potential between the units i and j [1] . The 3*3*3 lattice model has sufficient complexity to give realistic insights as well as affordable computational burden to implement, and thus it is widely used in protein folding prediction, energy calculation and simulation of protein sequence evolution [2] [3] [4] [5] .
Amino acid interaction potential
In a peptide chain, we define the distance between two amino acid residues as the distance between their alpha carbon (C α ) atoms and deem the two residues contacting if this distance is less than 6.5 Å [6] . For example, the contact between amino acids p and q is defined according to the following formula:
For the residue p, its contacting potential is: n is the contact number of residue types i and j, and 0 represents solvent molecules [6, 7] . By calculation, we can get the contacting potential matrix between 20 types of amino acids; with this matrix, we can calculate the free energy of a protein structure or the binding energy between interacting proteins. A lot of amino acid contacting potential matrixes can be found in the AAindex database [8] .
Determination of protein conformation
60 peptides of length 27 were randomly generated and folded into the 3*3*3 lattice model. The backtracking algorithm was used to enumerate all the 206692 non-repetitive folding conformations (if the symmetry of optical rotation is considered, there will be 103346 non-repetitive conformations). That is to say, starting from any of the 8 vertexes or the center point of any of the 6 faces of the cube, the next residue is searched on the 5 possible directions, and so on, until all the 27 residues are arranged on the 3*3*3 lattice. In the lattice model, each pair of residues with distance of 1 unit is treated as an internal interaction (namely contact) to stabilize the conformation. With the MJ matrix [7] , the sum of the contacting potential energy of all the 54 contacting residue pairs for each conformation of each peptide chain is calculated and treated as the free energy for the specific conformation. Then, the F i values for all the possible conformations of each protein sequence is calculated as:
where E i is the free energy of the i-th conformation for a protein, M is the mean value of the free energy for a protein over all the possible conformations, and SD is the standard deviation. For each protein sequence, we randomly selected one conformation from all the conformations with F i < -3.5 as the native conformation for that protein. Therefore, 60 native conformations for the 60 proteins were determined and used in the subsequent simulation without further changes.
Determination of interacting protein pairs
In the lattice model, the interaction between two proteins with specific conformations are represented as a contacting interface composed of two faces of the 3*3*3 lattice cubes; therefore, the total number of the interaction forms between two proteins with specific conformations is 6*6*4. In the simulation, the interaction strength between two proteins with specific conformations is represented as the sum of the interaction strength values (binding energy) between the 9 corresponding contacting residue pairs on the two faces of the lattice cube. With the MJ matrix [7] , the sum of the contacting potentials of the 9 pairs of contacting residues on the two contacting faces of the lattice cubes can be calculated and it is deemed as the binding energy 7 between the two interacting proteins in the two specific conformations. For each protein, we calculated the binding energy between it and all of the other target proteins (including itself) according to the following formula:
where E ijk is the binding energy between protein i and protein j in the k-th interaction (contacting) configuration, and M i is the mean value of the binding energy between the i-th protein and all the other proteins in all the 8640 possible interaction (contacting) configurations, and SD i is the corresponding standard deviation. All the contacting configurations with the B ijk < -3.2 are treated as the possible interactions between the two proteins. The 60 proteins were appointed into 30 non-repetitive interacting pairs by using the Blossom algorithm to solve a maximum matching problem on general graphs. Finally, we got a set of interactions (interacting protein pairs) as:
This set of interactions was used in the subsequent simulation without further variations.
Determination of protein expression level
In most species, the protein expression level keeps to a power-law distribution. In our simulation, 30 random numbers within the range of [1, 50] were generated according to a power-law distribution as the expression levels of the 30 interacting protein pairs and used in the simulation without further variations. The distribution of the randomly generated protein expression levels was shown in Fig. M2.   Fig. M2 . The distribution of the randomly generated protein expression levels.
Cell fitness calculation
In the simulation, the 60 proteins were put into one system, called a cell. E ij is the binding energy between protein i and protein j, which is determined by all the 144 possible interacting configurations and given by the following formula: Because the formation of stable protein complexes with specific functions is a necessity for the physiological function of a cell, we assume that the fitness of a cell is determined by the number of protein interactions in the proper configurations and thus define the fitness of a cell (denoted by A) as the sum of the abundance of the interacting proteins:
The simulation process
In the simulation process, 100 cells were generated as a population, with each cell containing 60 proteins. In the first generation, each cell has 60 proteins with initial settings. In the evolution process, for each generation, averagely 0.0005 mutations will occur for each amino acid in the protein sequences [9] . When mutation occurs, the original amino acid in the protein sequence will be replaced with another amino acid randomly selected from the other 19 residue types. In the evolution process, the protein abundance and the cell fitness were calculated after the finished mutations of each generation. Except for the cell population in the first generation, the cell population in each generation was formed by a random genetic drift from the previous generation. A simple random sampling strategy with replacement was adopted to generate the cell population of each generation from the previous generation: a cell was randomly sampled from the previous generation into the new generation, with the probability of being selected determined by its fitness, namely, the higher the fitness of a cell, the larger probability it was selected. The selection probability for cell i is Pi and calculated by the following formula:
where A i is the fitness value for cell i in the population. The random sampling procedure was repeated 100 times to get the new generation of cell population from the previous generation. The whole evolution process simulated 10000 generations, and in each generation the fitness value 9 for each cell was calculated (Fig. M3) .
Fig. M3. The illustration for the simulation procedure of evolution.
Then, in each cell the binding energy (indicating the interface stability) for the interacting protein pairs of the top 10 expression levels and of the bottom 20 expression levels were calculated and compared at the high temperature (350K) and normal temperature (310K), respectively.
The change of cell population fitness at different temperature conditions
In the simulation process, the cell fitness values were calculated and averaged every 10 generations and plotted against the generation number in Fig. M4 for high temperature and normal temperature, respectively. As can be seen, the fitness values for the cell populations increase rapidly at the early stage for 10 both the high and normal temperature conditions, and then the fitness values begin to fluctuate. The rapid increase of the fitness at the early stage is owing to the larger optimization space for the initial near random sequences that are more easily to mutate into more optimized sequences of better structure and interaction stability; with the progress of the optimization, the more optimized structures get less and less; therefore, although the overall trend for the evolution is still toward the higher fitness, the fluctuation of the fitness values is unavoidable due to the randomness of the mutations.
To avoid the effects of fluctuation on the subsequent analysis, the generation with the highest fitness (within 10000 generations) was selected as the terminal of the simulation; that is, the terminal for the high temperature condition is the 4900 generation while that for the normal temperature condition is 5840. The simulation is long enough to get meaningful results to reveal the different evolutionary strategies of protein interaction stability at different temperature conditions. Linear fitting was applied for the fitness change and the results were summarized in Table M1 . As shown, there are positive correlations between the fitness values and the generation numbers for both the high and normal temperatures, with the former having larger slope, meaning that cell population fitness increases more quickly at the high temperature condition than the low temperature condition, which results from the higher evolutionary pressure at the high temperature that preferentially select the cells with higher fitness (better stability).
9. The analysis of protein interaction interface stability at different temperature conditions. The 30 protein pairs in each cell were partied into two groups: the top 10 pairs with higher expression levels (TOP) and the bottom 20 pairs with the lower expression levels (BTM), and the average binding energy over every 10 generations in the evolution was calculated and plotted against the generation number for the two groups, respectively. The evolution of the interface stability (the binding energy between interacting protein pairs) were simulated at the high temperature and normal temperature, respectively. For the simulation at the high temperature condition (350K), as shown in Fig. M5 , the binding energy values (shown as the absolute value, namely, the opposite number) increase (with fluctuation) during the evolution process for both the highly and lowly expressed proteins, meaning that the protein pairs evolve towards a direction of more stable interaction. Meanwhile, the increase speeds of the binding energy in the evolution that can be represented by the slope values of the linear fitting are different for the highly and lowly expressed protein pairs; namely, it is higher for the highly expressed proteins than the lowly expressed proteins. 
